Computed tomography was performed in 9 male patients with a diagnosis of opiate dependence and in 9 age-matched psychiatric controls (neurotic depression). Patients with a history or diagnosis of another substance dependence (alcohol, cocaine, cannabis) were excluded from the study. The volumes of internal and external components of cerebrospinal fluid (CSF) were measured with a point-counting stereological method. Analysis of variance with age as a covariate revealed a significant enlargement of external and external CSF spaces in male patients with opiate dependence. There was no significant correlation between the length of opiate dependence and the volumes of internal and external CSF spaces. The present results suggest that opiate dependence is associated with structural brain alterations. However, the relationship between opiate dependence and structural brain changes is complex and still not well understood.
Introduction
The effects of the chronic use of opioids on brain structures have not yet been extensively studied. Strang and Gurling [1] have found evidence of cerebral atrophy in a qualitative computed tomography (CT) study. Using functional brain imaging, several abnormalities of cerebral blood flow have been reported [2] [3] [4] .
However, other studies [5, 6] found no evidence of ventricular enlargement or cortical atrophy in patients with opioid dependence. However, all these studies have used linear measurements (Evans ratio, ventricle:brain ratio) in order to estimate the ventricle size while for the examination of cortical atrophy they used only qualitative methods. Linear methods were found to be poorly correlated with ventricular volume [7] .
The aim of the present study was to find out by means of volumetric determination of subarachnoid and ventricles spaces whether patients with opioid dependence had enlarged external and internal cerebrospinal fluid (CSF). For this purpose we used a point-counting stereological method [7] . This method has been validated in postmortem and phantom studies [8, 9] . Another purpose of the present study was the analysis of the relationship between alterations of brain structures and the length of opiate dependence. Volumes are given as means B SD in cm 3 . Differences (%) are expressed in relation to the controls.
Differences between the two groups were examined by using ANOVA with age as covariate.
Methods

Subjects
Nine male patient with an ICD-9 diagnosis of heroin dependence (mean age = 28.1 years) and 9 male psychiatric controls (mean age = 28.2 years) with an ICD-9 diagnosis of neurotic depression were included in the present study. All patients were admitted to the Psychiatric Department of the University of Bonn between September 1991 and December 1992. Subjects with a diagnosis of neurotic depression were included in the study as a control group since it has been shown that these persons show no enlargement of CSF spaces [10] . There were no significant differences (p = 0.98; Student's t test) in age between the two comparison groups.
Exclusion criteria for opiate-dependent subjects and control subjects were neurological signs or a history of neurological disease, head trauma, cardiovascular or endocrinological disease, current medical illness, seropositive status for the human immunodeficiency virus. The opiate-dependent subjects' exclusion criteria were established by an ICD-9 diagnosis of dependence on or abuse of any substance other than heroin, nicotine or caffeine. Urine toxicology testing was used on test days. These criteria were used to control potential confounding effects of other substances.
The mean duration of heroin dependence was 5.7 years (SD = 3.7). The average amount of daily street heroin was 1.1 g/day (SD = 0.4).
Ethics
The study was approved by the Ethical Committee of the University of Bonn. All patients gave their written informed consent to participate in this study.
CT Image Technique
Patients underwent an unenhanced cranial CT on a Siemens Somatom DRH scanner (Siemens, Erlangen, Germany) with axial cuts of 8-mm slice thickness, parallel to the orbitomeatal line. No tumors, infarctions, hematomas were found on the CT scan.
We considered subtotal but defined volumes of the external and internal (third + lateral ventricles) CSF spaces. Seven consecutive axial CT cuts were used. The level of the first scan was at the base of the skull through the cisterna interpeduncularis. For the assessment of the volumes a stereological method based on the Cavalieri [11] theorem of systematic sampling and adapted by Pakkenberg et al. [7] was used.
The volumes were calculated as follows: A transparent countinggrid was randomly placed on the CT scan and all points (p) hitting the external and internal CSF spaces were systematically counted. If the point-spacing of the grid is i mm, each grid point represented an area of i ! i mm 2 , which was corrected for by the linear magnification (m), known from the CT scale. The sum of all points in all CT slices (™p) gave a statistically representative estimate of the total area of the CSF spaces which, multiplied by the thickness of the slices (t), was easily converted into an estimate of the real volume (V). The formula
in which p max is the maximal number of grid points counted on one slice, limits the bias of underprojection of a region of interest through a thick scan plane [7] . For the assessment of the CSF spaces we chose a grid size of 1 ! 1 mm 2 . The investigator (T.B.) was blind to the diagnosis. To establish interrater reliability, nine randomly chosen CTs of brains were remeasured some months later by another author (P.D.). This investigator was also blind to the diagnosis. Intraclass correlations [12] with external and internal CSF regions ranged from 0.82 to 0.91.
The present method was validated in a previous study [13] with precision better than 2.5% for volumes ranging from 55 to 300 cm 2 .
Statistical Analysis
Pearson product-moment correlations were performed between age and the calculated volumes of external and internal CSF spaces in all subjects (heroin-dependent subjects and controls) to assess the effect of age as potential confounding variable. In the opiate-dependent subjects Pearson correlations were also performed between length of illness and the calculated volumes of the external and internal CSF spaces.
Analysis of variance was performed to compare the volumes of CSF spaces and those between both groups. The significance level was set at p ! 0.05. Calculations were made using the SPSS/PC+ 4.01 statistical package (SPSS Inc., Chicago, Ill., USA).
Results
The stereological analysis revealed that patients with opiate dependence had larger external (+42.3%) and internal CSF spaces (+32.7%) (table 1). We found significant positive correlations between age and external CSF spaces (r = 0.45; p = 0.05) and internal CSF spaces (r = 
Discussion
The major finding in this study is an enlargement of external and internal CSF spaces in male patients with opioid dependence. The present study has certain advantages over previous work. In all of the previous studies opiate-dependent subjects were also dependent on other drugs such as cocaine, tranquilizers, barbiturates, etc. This is a potentially significant confounding variable, since it has been shown that drugs such as cocaine [14] or amphetamine [15] are related to structural cerebral atrophy. Another limitation of these studies is the use of qualitative methods and of linear measurements, since it is known that linear measurements are poorly correlated with ventricular volume [7] .
The results of these studies of brain morphology in patients with opioid dependence were inconclusive: Strang and Gurling [1] found a widening of the Sylvan and interhemispheric fissures in a small sample of heroin addicts. In the CT study by Cascella et al. [6] , the use of heroin showed no significant influence on the ventricle: brain ratio or sulcal width. No enlargement of the CSF spaces was reported in the study of Hill and Mikhael [5] .
The following methodological limitations could have influenced the present results. One bias of the present study is the use of patients with a neurotic depression as a control group in comparison with the opiate-dependent male patients, since some, although not all, of the studies [16] have found enlargement of CSF spaces in depressive disorders [17] . However, in a recent planimetric CT study, Baumann et al. [10] found no enlargements of external or internal CSF spaces in male neurotic-depressive patients. However, these possibly enlarged CSF spaces in the control group would rather support our findings, since they imply that opiate-dependent patients have enlarged CSF spaces even in comparison with a group of subjects with rather large CSF spaces.
Another limitation of the present study is the small sample of subjects in the study. Since the majority of opiate-dependent subjects polydrug abusers [18] , it is difficult to recruit subjects which are only opiate-dependent.
Another limitation of the study is the fact that length of illness was assessed in a retrospective manner only. However, the correlation between age and length of illness was highly significant, which makes this data more plausible.
The mechanisms underlying sulcal and ventricular enlargement cannot be ascertained but are probably diverse including a direct effect of opioids on brain metabolism [19, 20] . Animal studies have shown evidence for a role of endogenous opioids and morphine in controlling neural growth by inhibiting the proliferation of dendrites and dendritic spines [19] .
The hypothesis that several drugs including opiates have an impact on neuronal growth mechanisms is consistent with the findings on brain atrophy due to alcohol dependence: Mann et al. [21] suggested that these changes were related to neuronal plasticity mechanisms.
It is not likely that the changes found in the present study are due to dehydration, since Amass et al. [22] reported no changes of T1 and T2 relaxation times in heroin-and cocaine-dependent men.
Another mechanism of brain atrophy could be due to malnutrition and weight loss [23] . Multiple vascular accidents, which have been demonstrated to occur in cocaine abusers and could lead to cerebral atrophy [24] , were not shown on the CTs of the present study. Other factors, such as recurrent trauma associated with chronic drug abuse may contribute to the pathological findings [14] .
In conclusion, the present results of enlarged CSF spaces in opiate-dependent male patients are partly consistent with previous CT studies in opiate addicts. However, the pathophysiology of structural brain changes in opiate dependence is still poorly understood. The data of the present investigation suggest the need for further longterm brain imaging studies in patients with opioid dependence.
